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1020030064115 , <Qt\: 2003/10/27 

f^, ^71 1 ^ ^ 2 ^71^- t^f^l AA ^AA <&^s.^ 

S^fe 1 ^ ^ 7)1 2 ^W)^>^ ^M^. 

S. 4 

APD, Avalanche Photodiode, # ^ , ^#7l 
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cfol^.co^ ^ ^ {Photo-diode and method for fabricating the same} 

£ l^r #5fl^ ou^^] ss cfo] o_=£l ^SJE 

.£ 5a 5h^ l^^l ^1 1 ^Al^ofl rrf^ ofl^^^] i£t}ol^c^ -g.^ 

£ 6a 6f^ 4 2 ^Al^ofl 143 oflig^ i£cfo]^.= o) ^ &t£5_ 



< £^ ^iL^-£-ofl cH*l Jfs*} ^ > 

101 : n-^ InP 7)% 102 : n-^ InP 

103 : n-^ InAlAs *]&\% 104 : ^3*} 

105 : p-^ #7l# 106 : 

107 : InGaAs 108 : p-*§ #7l# 

109 : p-^j InGaAs 110 : iL^^ 

111 : p-^ 112 : n-^i^- 
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113 : -¥-^K v 114 : H£ 1±JL# 
115a, 115b : €r^ * 116, 117 : 



SJL^ tf^li^ #^#7lS AV-g-£)^. cH^-=( Photo-diode HI ^r*V 
<r «flA>^ oM^l IS 4°1^2] ^2: 31 ^ «<HH1 ^ 

Q^^O.^. ^- ^Al^ ^-^^ oj-g-tfl ^71^ ^1^1- ^ Aljr^. 

# ^-B" ^-i- #*SS ^Aj^oflA^ ^^7># Ol-g-gfl Aj-71 # Al^S- £ 

A oM % -f-Aj^IM ^Al^oll^ ^#^7]-S IS 4°l-2-^(PhotO di0de)7> A>-g-£]jL — 

o}, nf^l li^^l IE cfo]^.^( Avalanche Photodiode)7> 7>^- ^e) a>-§-s]ji &t}. 

IS Cfo]^^^ ^ ^7l^-ol 7^11^1 ^^ofl 7fl^ol7l- ^^£l<>| afl^^l Jl^HI 

(Mesa)^ °m&*} IS tfol<2.j=7> fltj-. 0)5^ ¥ ^ff-^ <^fl^^l IS cf^c^ 
<&£*H 71 7>^1^ ^o] Qjtn-^ojcK 

^ ^efl^l is q-o] o.^.^ ^jf^ 51^* 
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1020030064115 #^ <^*}: 2003/10/27 

<20> 3E. 1-cr I. Watanabe f-s] fe-g-( "Gain-Bandwidth Product Analysis of InAlGaAs-InAlAs 

Superlattice Avalanche Photodiodes" IEEE Photonics Technology Letters, vol.8, No2, 
pp. 269-271, 1996H M-^rVf #2fl^ oflig^i tH^^o} ^£olcf. 

Si InP 7l^r(l) ^ofl ji^s. n -^o^ InP ^2]^(2), n-^ InAlAs ^3^(3), ^ 

*f*l ^ InAlAsSf InGaAlAsl- 3^7> ^2:^ #^-#(4)* ^^tr^f. 

ZLS^L, 4V 7l ^2-#( 4 )^Hl p-^^1 ^7l^> S^#(5), t^JE. p-^S] InGaAs 

(6), JL^£ p-^^ InP ^7R> ^3} #(7), ^ Jl^E p-^^1 InGaAs W(0hmic 
contact layer)(8)-§- M0CVD (Metal -organic Chemical Vapor Deposition)^ SEfe GSMBE(Gas 
Source Molecular Beam Epitaxy)^ f-i: °l-§-£r°1 *}$]3. ^^tr^f. 
<22> ^ ( iE^ofl^ £Al5]^l ^r^l^ s&7] 51^ 5L p-^ InGaAs -£^#^(8)3H1 

^^VJl D}iaf ic^ ^ ^-^^ °fl^r ^R 1 ^ ^o]*}- tL, #7l 

ZL^-£ n-^2] InP u)3\^(2)<q K t£o] ^7) JL-^JE n-^ InAlAs ^#(3), 

7) #^-#(4), ^-71 p-^ ^ 7l ^v ^^#(5), a> 71 p _tgcq InGaAs 

(6), #71 Jl^S. p-*g$] InP #7]# tHs]^(7), ^ #71 JI^IE p-^^ InGaAs -£^#^(8) 

<23> Zl^Jl, ^-71 oflAj. ^ 71^- a ^ iLJl^-(9)# ^^^-Jl, Aj-71 Jl^S. 

n-^ InP ^^#(2)5] ^ #7l p-^«2] InGaAs -S.^ ^ W(8)2] S^o] 

^ A oM J±JlbK9)-§- #i»3°-S ^\]7]t\^ ^^tr^f. 31^^, ^-7} -SH}^ 

-f-*fl #7] JL^-S. n-^ InP v\ 3i]^(2) ^ ^7j p -^^ InGaAs ^nl^a^ofl ^ 7 }*\o_ 

S <&^^ n-^(ll) ^ p-^UO)* ^^*>r4. 
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1020030064115 #^ °__7}: 2003/10/27 

^d*}JELiiL IS t3.ol_2.r1cq -3. 4^0] ^aVs] ^ ojo} ^ ^-( ExC e S s 

Noise Factor)^ #± ^ s.^ 7 )*v ^ uflA}. ofl;y ^2-4=- ^Efl^_o_- ^.g. 

^(CapacitanceH #4i*H aL^r ^ ^oj) -pfe)^ ^.g- 7>^J1 ^cf. 

<25> ZLEiM-, DflAl- ofl^l*V S^ofl ^7l^-o] J2f£^>7fl <?]7>^ ^Mi^^r 3.711 ^HJ ^ ^ 

nf 6>U)5^ o]3, o]^. ^7>^ ^^O] c^o] 5L]^Cf. 

<26> rcf^, O]^ ^^1^^. tioj-^ ^#A.Z] ^ 5£*r 7l#o] 7fl^5icf . 

<27> £ 2 ^ £ 1°} u\]A}^ ofl^^ IS Cfoj^ri^ ^.g. %tA o VA)7l7l ^ sfl ^o>^ C.Y. 

Park -§-2} fe-^-C "Fabrication of InGaAs/InP avalanche photodiodes by reactive ion etching 
using CH4/H2 gases" Journal of Vacuum Science Technologies B, vol.13, No3, pp. 974-977, 
1995 H M-ef\+ ^2fl£) °fl^^l S.S. tfol^S-S. ^-^£o]cf. 
<28> 5: 2# #7. C.Y. Park ^ i^ofl 4a o^^^j £J = tHiLH-S. aflaE: ^ 

<29> .n^J£ n-<§3 InP 71 ^-(21)^^11 n-^ InP *\A%-{22) , S.^*}*} inGaAs 

#^r#(23), 4# InGaAsP :^H^(24), n-^^ InP ^#(25)^ M0CVD 

^ «VE.3fi °fl 2]^ ^-(epitaxial growth) °l-g-*H ^^tj-. 

<ao> cf#, £ 2^ ^-o], ^} 3*1 (charge plate)!- ^^}7) #7. #71^ 

S^^(25)s] ^^11- cf^Tfl ^^tr^r. ^r, *r^^(photol ithography)S #7. 3_7l# 2^ 
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^(25)$H ^(S^Itt 3E*13*1 &-g-)-§- ^*}JI #7] sjj^ofl 

zlz]JL, ^-71 #7l# ^#(25)^H1 JE^SM InP» MOCVD ^ aVjESfl ofl^^^- 

(epitaxial growth) <>l-8-*M 2*> 31 ^Ml p-*8 -gr£#* 3^4*1^ InP ^ 

^(26)^ JH^Sl p^ InP ^##(27)* ^*Vt}. 

Tfl^tflAi, 5L^ofl^ ^r^lnV, ^7) 51^-5. p-^£) InP ^##(27)3H] 

"o"-£ n-^^ InP wis] #(22)^ g_^o} i L #s|£S. > InGaAs ^-^^(23), cff^ InGaAsP 

3.5fl 0 l^#(24), n-^^ InP #7}% 2:^(25), InP ^-#(26) ^ JI^E p^^ InP 

(27)* ^^SLS. ^|71*M pflA> i4i^^ 7>^-xl (Ring) ^Bfls. *M ofl 

ZLe]al, a.S^-(28)* ^-71 JL^-S. p^ InP je^I 

-f-Sfl #7] Jl^£ p^ InP ^#^(27)3)- ^71^ o.S ^^5]^ p-^(29)* *$^is}31 ^7] 
JliS-SL n-^^1 InP 71^(21)^ ^d\) n -*}^r(30)* ofl^^ i£ cfo]^i=l- 

°)4 ^ ^r^l (Charge plate)* ^fl^^^l IS ^oj^c^ ^.g. ^^^ 7 1 

^*fl fe£r ^71 °]7 r ^- ^7)^" 3^#(25)£] ^7 r ^£ ^o v -¥-^-(^ 2£] A Jf^- 
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1020030064115 2003/10/27 
¥s}-(degradation)7l- &7fl ^tf. 



w t^sfe ^isi^ si)^ ^ *m:a XI^, ^71^" 

^ZV*V * =L $)o\) cfA] tiV£*fl«- ^-g- tiV^A) 7l^7fl o]9\- 

^-r- Tfl^CE 2^ 91^-^1 regrowth interface)^ <+^* r ^ ^ 

#4l€*r ^ ^el^7>7> ^Tjl^ofl ^-f , ti>£^ ^7}- u)]«-0| ^ 7 lxV «- £7 } ^> 

SMI^M ^7>o] ^ o. ^A^lTfl 3^1, Tjl^ol -600 kV/cm ^ 3 

°J7>5]^ #^32f ^7]^- A>olofl ^7fl^>7l nfl^-cjl ^ 

*1 71 711 £4. 

^31 4h£ £ ^Sl^ ^7>7> ^Al*V ^sfl- £ 3<*fl M-Ef 

£ 3SJ *1H^* ^*ltr 3H211- SIMS(Secondary Ion Mass Spectroscopy) ^ 

i4efH, sji^ ^hf-tf-g- DflAl-^ APD<^1 &<>H 7Mji oi^ d)1a>^^5. 5} 

51, ^5]^o)l <3^-§- Afl^^- APD ^r^f *lW*Rr €-2-*>cf. 
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o fl^a^ ss. q-ci^^i sz<h^, a a $% **n*w *n *m ^ ^ & 



71 7l^<Hl ^€ 2fl 1 ^f^-, pflA> #7l 2fl 1 51*1^ ttl^^ofl fg 

^3tt ^M*> ^SSl f^-f^-, ^-71 ^ofl ^5)^ *j| 2 ^7l^ 0 V S^^-, # 

71 ^71^- 2^#vflofl 2 ^ # 7 }% 

1 W^f 1 ^ 211 2 ^#°11 AA ^Tl^liE^- ^1 1 ^i^- ^ 

A 2 ^wl*><^ ^=H1 H ^-^oi olcf. 

^7H, A 2 ^71^" l^foa)- A 2 ^ *Q 2 JE*1^ -2-^^* 

ci ^ulf-oll ^ol oirf. 

^71 ^11 2 5.*!^ 71^: oil iLJL^Vol ^Hl^Jl # 7 ] ^j^nv 

^ A o V 7l 2fl 1 ^-71 2fl 1 yl^^ol #7)?HO-S. ^^SlJl #7] 211 2 ^"71 

#71 71^ ufl^ofl ^5)^ ^-tiVAj-nV^. ^til^-ofl o] olcf. 
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<45> ^ i ^3^#, 2 #7l# * ^"7] *fl 2 5L#*g tH^-g; 

InP ^^5]^., #7l 2 # ^^^-gr InGaGs *>2E3l#il5. ^^1 ^^°) 

<46> a o v 7 ) ^ ! t^tg ul^f^ InP inAlAs ^£^#^1 3^*11 $X^. 

<47> J# 7 ] 2 5.^1^ *1*H3.£S>}- #71 2 ^7l^> ^^.E 

^ ^-cl 3 >4012 /cm3 ±2Q%°)^°]51, %7] °]^<&%-°} ^3*1 7>#*}&) ^£<i) ^ 

^-Ett 2 >1012 /cm3 ±20% <?] ?H1 43.;$ o] oicf. 
<48> ^-71 ^^7f InAlAs ^KE^ 2E^ InAlGaAs aVE^l^S. ^s^M-, 

A o v 7) ^ %o] ^t}<^ ^-2:^1 ^°1 

<49> ^"7) 2 #^gr ^"7) ^ 2 ^ t/llf ^A>A]^ ^ o|£S. *y S<£o^_ ^ 

<50> ^-71 71^ ^1 1 E*l^ InP *lE^l InP a}£^lfli ^^°ll 

■; 

<51> gc^ #7l<2j- ^ ^^§- ^*>7l 1^1 Cf^l-SL^ *\)2i 

7}&-gr §Wl*Rr #7f\^, ^7) 7}#$H 1 ^1 2 £ 

€^ ^7l^> ^ iLJL## *HlS. ^^Rr ^3]^, ^-71 *i7l# 2:^#vlH o)^. 

t°^H *fl 2 ^l^r ^^#-1: ^^Rr ^A^, ^71 lift ^T^j-i #7l ^ 

2 J£*i^ *)1 2 E*l*§ ^7]^- tH^f- ^^12 E*i^ 

^Hls. ^*Kr #7l A i H^f^ #71 oi^. 

#* f^ilS ^ ^^^1 #7l 2 E^ ^) 2 E*!^ ^7H> «1 
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A] 2 #^r#, A] 2 5L*i^ ^7]^- 2^*> ^2:^1 ^3^-5. 

#51^- 7l# *d^l SL3L^& *g^*Rr #7ll<4, ^-71 §ej ^ ^ ^v 7 j ^ i £^ 

A o V 7] ^1 2 -2- Si ^##ofl ^71^ <a^5l£^- *fl 1 *fl 2 ^-g- *g 

<52> o}7H, ^71 ol^ol^o. sg^sRr 3r7fe, ^7] &7}*J ^4^°\) *flli#(Be; 

Beryllium) Sb ^Ml#(Mg; Magnesium)^- ^ 1-^1"^- °}Sr ^^]^, #7] 7^ 

<53> A o i- 7l <g^e|^ 600-700 °C5. s-^o] ojcf. 

<54> Jj^-g. # ol7l ^*fl 71^ ^<sRr ^4 ^^4. Dl 5£^-%Hl 

<55> # 7 | 7 ]^ yfl^ofl o.tiVA>n^ ^ #7ll« cj i^ofl ^ oj ol^ 

<56> BE*!, ^ ^*>7l ^ofl ij= cfol^co] ^ ^^- t 

7lM §«l*Hr #314, ^"71 7l^ofl ^ 1 T^fg t^^, ^4 afl 2 £. 

3*8 ^7UV *H 2 51*1^ *fl 2 #7)# ^14^ ^ 2 
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1020030064115 %^ Qx}: 2003/10/27 

°l-£r ^<3*r<X Xl 2 ^ol^o. c^Tjlaf, ^-7] *fl 1 ^ 

3*1 S^c] ^#£]5L^- ^-7] o]£- ^^g- ^^£L3, o]^<Q% X^ <S^S) ^-71 XI 2 

5=3*8 XI 2 ^71^- B^^, *|1 2 51*1^ #^r^, XI 2 51*1^ ^71^- 

2:3*} ^2:21 X]7i*H XW «g^*Rr ^XlX", ^"71 ^ 

^ W ^-71 XI 1 5E*1^ tH 31^X1 £5M^ 7l^r #^°\) lis}!- ^*Rr #X1 

$h ^7} ^ #«fl ^"71 1 51*1^ B^^X ^"71 2 -2-^ ^##X1 ^71^ 

<£%$^ XI 1 XI 2 #^-a- ^*Hr ^-Xl» 5Lf-*H ^l^^Xl S cf€- ^ 

<X 91*}. 

<57> ols>, ^7l X- ^3) £fe £ I^X] 4^- II cfo] 0_t= o| ^ ^ ^ o. 

<58> 5L 4±r I^Sl ^ofl itj-s. nflAf^ ofl^^ iE Xo]^.no| ^£o]cf. 

<59> ^. Mj-i^ofl 4^ II tfoj^ci^ £ 4<X] lXEf\fl ^-o], n -^o) In p 71^(101)^X1 

ol ^^^^ ^^>7fl ^71 InP tf| ^ ^ ( 102 ) ^^^cf. ZL^JI, ^7} n-% 

InP iX^l#(102)^Xl Xl^> £51 o] J*9] 3-2*7} ^ ^xj-o. ^^]. 7 ] <a 

InAlAs tH^dOS), ^1Jl*1^-# ^^>7l ^efl JE^xl InAlAs^- InGaAlAs<X 

JUXlS 3:^7> =?^2\ ^^(104), #^#Xl ^l7>£l^ ^7H>S1 Xfl7ll- - 

7l ^tb P-^ InP ^7l^> S^^(105), ^X^H v}^-6]^ p-^ InGaAs # 

^r#(107), InP #7l# »l3l#(108), p-^-X^l ^7l^ ^#X*o V * ^71 ^t!: p- 

^ InGaAs ^.^1 ^fKohmic contacting layer )(109)<X * r Xl5. ^^^cf. 
<60> St}-, ^-71 p-^ InP #7]# d^#(105) X]-^X ^^Xl <X^°J# 

(106)ol ^^slJi, ^7lsl- ^ ^21 ^ XM> ^SXl^i, ^7l p-*g<2l InGaAs 
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(ohmic contacting layer) (109) -4 ^7) n -% InP ^^^(102)<H1 Z>£^- 7]*f± ^ofl 

S^JiLJLSi-C H0)o] <#7] €-^*-S- J§-n ^7} p-^^ InGaAs ^^(ohmic 

contacting layer )( 109) 4 <#7] n -H InP ^#(102) z|z]-ofl *i7]^_9_^ ^s^^- -#7] 5E. 
^ Ji3L^(110)fl^ z]-^ p-^Qll)^, n-^^-(112)ol ^^Cr, n-*§^ InP 

7}^(101)^ ufl^aflfe °M}*\$r %o] tiVA>£]^ ^ °- ^]*>7l ^tr ¥*W(113)ol 

°}7H, n _ In p tf|Bl^(102)^: ^"71 n-InP 71^(101)4 ^^Sl<H ^"71 

7]&3\- ol^ofl «VjE^f^ €#*r7fl ^ *}JL, #7} n-InAlAs 

(103)^ 2^7> -^o] #^(104)^ InAlAs^ ^ InAlGaAs#^ >^K§- ^Tfl *>7l ^«fl ^ A 
tr Htr, #7] f^#(104)^- InAlAs^r InAlGaAsl- ItflS. 3.37} ^ 

5- ^ #ff-» #^l7l^ ^« *H8*H, ^-71 ^#(104)^1^ oflli^al (avalanche) 
°fl ^«fl ^^17171 ^*fl -600 kV/cm &7]#o] 917}^. 

^7} #^#(107)£r 3}-f->£Hl A>-g-s]^ 7J Jif^-ol ^ ^*}7] ^ «l = ^o] ^a. 
InGaAs7 r A}-g-sH ( al^o] 3-7I nfl^-ofl 2 00 kV/cm ©l^sj ^-8r ^7l^-o] o^pS]^ 

#^r#(107)^ ^7l^> ^7l# 200 kV ©1*VS ^7] ^*fl p-InP #7)^ ^#(105)°1 
€-S-*}i=r. ^^r z>£ SZi^- <g7l ^tr(^ ^7l^# ^*>jl *^ofl^ 

^71^- 0J7M- ^7) Jfltr S7i) p-InP ^7)^ S*i#(105)£] ^£.(7flsl«H ^£ 

3.0 >4012 /cm2 d20% ^£7> 5]<H°> oje^ ^^HH 5g-*^( 107 )o] ^7] ^ 

200 kV/cm -fM^S] #^-#(104H1tt -600 kV/cm d20%B] ^ #71 #-g- 7}^ ^ °X?]] 

€tr. 
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<63> ZL^]JL, #7] o]£ ^#(106)°] ^-f , ^ ^eflS} 7]*£°\ 3 c. ^> 7 | ^ 7 )^-o) # 

71 ^^(104) 2} # ^ofl #JL^ 3|-§-^>7fl £)<H, i*}^ ^Hf*^ *M °fl^ SL'S Jffl 
S-^l ^7l^-ol °}7}S\^, v\]A}6\)^o] ^2*0.3. ^3*1 gal ^A> 7 > # ^-fofl 

<64> nJ-aM, pflA]-^ oflig^ 4°11H2] ^ ^ ^ Al7]7 | ^ 

71 #7H> S^#(105)5l fo^i o]£- ^#(106)# ^ 
<65> ^, ^-71 ^^(104)^m ~600 kV/cm d20%2l ^M^M o] 7 >£| £ s. ^ ^«.*}- 

^#^1^ (Avalanche gain factor)!- -g-Alofl, x>\}a} ofl^j S.^}^ ^}$] 

7>^}2l ^oflA-] ^7H>^- #° c > «.o}cq 2 /3 *1 ^ ^7l ^7] #7}^ 

(105) 21 #75} ^£1- 2 >1012 /cm2 ^Tfl ^^*>JL, #7] #(106)2} ^e>^£# 
1 *L012 /cm2 ^*}^ ^ , ^»1^^#( 106)^1 ^}$] Jf.g-ofl ^sja^. 
^7>«1 ^ov«.w-c^ ^Htxr 3 >4012 /cm2 °) S\JL ±7.} 9] 7 }^7}^ A o v 7 j o]£-2*,<£^ 

(106) ^1 2 >4012 /cm2 ^ ^l^>7fl £|<H #£-tr oflig^l (avalanche) ^4 ^ ^- 
^ ^Hl ^ &7fl 

<66> ^^- ( ^- 7 l ol^oj^ (106) o. ^ 7 |^. S ^^(i05)j2f ^ £ 3§Bj-<yol p-^JLS. 

°1 0 > #71 ^3-^(104)21 ^M^l^r fe^r ^7l#ol o]7>£l5L^- ^$-f>}jL ^7) ^# 

(104)21 7>^>5l -^£-ofl^ ^ ^7l^ 0 Vo] o]7f£H ^ ^ °1 £ .3. ^-g-SM}. 

<67> ^- 7 ] ^ 4 ofl^ ^v). .S. ^ofl tcf= i£ Cfoj^co^ ^o^, a o V 7 ] ^i^(104)ol 

3=3*} ^E-i-(Super lattice) &J£^- is}c*\5. ^f>}JL, ^9j#2| inAlAs 

SE^r InAlGaAsl- ^-g-^" ^£ ^t^-. 
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2003/10/27 



<68> 



<69> 



(109)£r ^£ $14. °1 p-InP ^71^- a]^#(108)^: i^-sj^o) 

^, #7l p-InP &7}% ^3^^(108)01 ^ ^^(109)-g; ^*>711 ^Cf. £ *V, ^ 

P-InP ^71^- tH^#(108)* A>^>^ o^o. ^ o1^ t11) ol ^ o. ^.7] ^ul ^#^(109)£- ^ 

5&th A oM £ 4<HH igj-^ofl 14= H tfol^co) ^-SoflAi, % Aljr-g. Aj-71 

P"^ ^(111)^13. <^A>Al^ ^ ol£^- *>7l ^*H, Aj- 7l ^^-(IH)^- 7 >^1 ^2: 

(Ring structure)^ ^ oi^ ^ o. 7 l^-(101)^ofl tg^Q ^*>Al-ni-( 113)0. ^^_ 7 ]_ 

& -2-5.3. ^A^^Ai afl^^fe %o) A1JA>^ ^ofl^ -f^^tf. 

n-^ InP cfl^l InP ^(Semi-insulation InP substrate)^- ^>-§-^" 

<7i> #71 £ 4^1 ^ojH n -^* ^ 1 ^^i^olel- §>ji p -tg o_ ^ 2 i^^olel- ^^^4. 



<70> 



<72> 



<73> 



£ 5a vfl*l 5h^ ^Sl 1 ^aHHI tcf= oflig^l ££4o|^noj ^ ^£ol 



4. 



<74> 



£ 5a°+- ^-ol, n-inp 71^(101)^^1 , n-InP ^#(102), n-InAlAs ^3^(103), 
S-^^l InAlAs^l- InGaAlAsS Mt^s, S^AA ^Sz^ ^#(104), p-InP %\7]& 

^#(105)* %s§ffr5L, ^7} p-inP ^71^- S^#(105)^ofl p-InGaAs JiS^ 

(114)-g- AMU ^th}. «^7H, ^1-71 S'S 2iJL^(114)£: <>1^ ^o^ #7] &7\Q 



33-15 



1020030064115 2003/10/27 

f-UOSHl oj^-g- ^<g*>ji *fl # 7 ] *j7l*J- s^#(i05)^1 jUl^I 

<75> £ 5b^- £<>1, ^71 p-InGaAs J±JL#(114)$H #^(116)* ^^>JL 

(photolithography)* °]-§-*r<*l ±j£ ^ 3l#sH °l^r ^"3* ^tr^r. #7] 

p-InP ^7l^> 2,^(105)9) -r-&^ ^"^Hl «fl1i#(Be; Beryllium) 2^ *K3.Ml#(Mg; 

Magnesium) 4 ^ p-^ lr<£-§-* °l£r ^^ji, <$7] ^ofl o}*fl av 7 ) p-InP ^ 

7R> S^#(105)^ ^^(Crystal property)^ 5r*)€ ^ Sl^-S.^ °1» ^-^*>J1 ^€ o] 
«^5M7l7l ^*fl l*^}^ °l-S:^#(106)-8: <^7)*) , ##^(116) 

rflAlo]] <0;5KKSiO2) 5E^r ^s^KSiNx) ^* A|~g-^- ^ ^0.^, ^7] <g^e] 

S^i-B- 600-700 °C5. tr^f. 
<76> £ 5c^- ^1, ^-71 #^(116) ^ p-^ inGaAs J!±J^(114)* *\}7\Z}JL, S. 

5d^ ^7} InP #7l# 2:^^(105)^^1 p-^^1 InGaAs #^#(107), p-^ 

InP #7]# tH^^(i08), ^ p-^ InGaAs ^ ^##(109)* 
<77> £ 5e^r #7l p-InGaAs .2.^ ^##(109)$H ^ 31 # ^ 

(117)* ^--S-, ^"71 n-InP v]z\%-(102)2] S.^) #7l oj£- ^^#(106)* 

^^-^ ^ #71 p-InGaAs 3^ (109), p-InP #7l# ^3^(108), InGaAs # 

^r#(107), p-InP ^71^- S*3#(105), ^Et2) ^#(104) ^ n-InAlAs ^s)^(103) 

<78> £ 5 f^- ^ol ; nfl A}- £i=. 7]^- ^ofl ^nl- (SiNx) fAS JiLjL^ 

(110)* ^sl-JL, ^7} °l£r^#(106) <^ >£ 7 | p-i n GaAs -2.^ ^##(109)^ -# 7 ] 
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n-InP ^#(102)3 <#7) ^L^^(llO)^- ^^l^AS afl^SH * 

(contact hole)(115a, 115b)^r ^t!: 1 }. 
<79> £ 5g sq. ^-o], a o v 7 ] ^ifl ^(H5a, 115b)-g- #«fl #7j n -InP ^^#(102)2)- ^v 7 ] 

p-InGaAs ^##(109H) #7)3 <&&s\^ iLJl^(llO) ^°\) #^(^)* 

^^■5}JL m]^*}^ ^^-(112)4 *R-(lll)-§- ^^W. 
< 80 > E 5h <4 ^-o], ^*}o) j=^ S #o] 7 ] cqsfl ^^(Upping) *3 ^ #e|>8 (pol ishing) ^ 

7j€ ^HRr -S-71 n-Inp 71^(101)21 tifl^ofl ^tiVA^d^)^. t^^tf. cr\ 

Jf*U>n}-(113)^ A o V 7 ] n _ In p 71^(101) tifl^^ ^ofl *r 913., #7} PflA]- 

<82> s. 6a 6h^r -g- 2 4= ofl^^^l iscfol .xl^ c^^o] 

4. 

<83> £ 6a^ ^o], n - InP 7l^( 101)$H, n-InP ^5) #(102), n-InAlAs ^#(103), lr^# 

S^^l ^ InAlAs^ InGaAlAsli- ItflS 2,^7> ^-S^ ^^.#(104), p-InP &7}^ 

2:^^(105), InGaAs #^r#(107), p-InP ^7]^- tt^#(i 0 8), ^ p-InGaAs 

(109)^- *g^W. 
<84> £ 6b^- ^1, a o v 7 | p - InGa As .2-^ ^#^(109)-<?H ^^-(116)# 

(photolithography)-i- °l-g-*H ^jg- ^ ^^>o^ o]-g- ^oi <*j<* o. ^oj^-cj. zLejji, # 7 | 

p-InP #7j# 2:^^(105)2] j=l«.o] cgc^ofl ufllf-(Be; Beryllium) Hl^r p>nMl#(M g ; 
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Magnesium) 4- p-^ !:<£■§-* ^<£f>}JL, ^7] o]jQ- ^oj ^ofl o}^ >£ 7 | u>5L^l# 

3 ^^(Crystal property)^ 4*1* *r ol» 4€*Kn. 0 l£r* 

71 ^«fl °l£r^#(106)* 3^th=k ^7]*\, ^7} ##^(116) nflAiofl aV 

s}-^-(Si02) S^r ^^(SiNx) ^-* A>-g-^- ^ oionj ( # 7l ^3 600 ~700 °C 

<85> £ 6c s^ £o] t a 0 v 7 i ##n]-(116) 7t]7]*}jL, ^7} p-InGaAs SL?) ^#^(109)3H1 

3fl€(117)* ^^^>^, <#7] n-InP tHss)#(102)^ S^l ic#S|£^- #7l ^0^(106) 
* ^£-3. ^7] p-InGaAs ^ ^W(109), p-InP ^7l^ ^#(108), InGaAs 

W^#(107), p-InP #7l# 2:^(105), ^2i^ f^#(104) ^ n-InAlAs tH^# 

(103)* *fl7l*H *fl^> 

<86> £ 6d^ ^1, >«-7l PflAf ^» 7 ) ^ ^^ofl ^^(SINx) iLjL^ 

(110)* ^*>JL, ^-71 ol^-oi^ (106) ^3 ^. 7 ) p-i n GaAs 3 ##(109)4 #7] 
n-InP tH3]^(l02)2l S^o] ^#5^-1=- aV 7 ] iHdV( 110 )|. a}ej)^ 3.^ -g. 

(contact hole)(115a, 115b)* ^th=K 
<87> £ 6e^ ^o], ^7) ^(ii5a, 115b)* ^ ^7} n-InP ^#(102)4 ^7] 

p- InGaAs SL^ 3 ##(109 HI &7}z*£L3, <£^.£\5.^ M. 3.^(110) ^°\] S.^^ *^(^-^)* 

f^*>:n. sflE^^H n^ 3^(112)4 p ^ #^-(111)* ^^t!-^. 
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£ 6f£f %o) OjA>^ A o V 7 ] n _ Inp 71^(101)^ Hfl^ofl «.ti]-A>^.(113)^. 

. ^-«Vx>>^-(113)^- ^"71 n-Inp 7l^-(101) wfl^^ ^^ofl ^ ojjr, ^ 



7}^°)}^\^ 500-600 kV^I &7)^o] °)7}£\^ *}7l# Afo] 

*fl^# ^£}7l nfl^-ofl ^rgol #o^l ^ ^^*>^^, €■ tlSI ^ 1 

^H^ ^-f , &7]# ^7l7> 200 kV o)j>}5L nfl-f ^ ^71^- 

A\o}6\] IS ^7>S] ^Tfl ^M^l^ ^ 

# 31^* ^rS. 9X^. 
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l^tt 1] 

7}#; 

<S^€ Xl 1 51^ w^fs 
XI H #ul *(| al^SHl ^3,9] 

^7] iflofl XI 2 ^7l^> 

^71 #^#$H ^ 2 

#7l XI 1 ^ XI 2 tH^#<Hl ^ ^7l^ O.S. <&%.S\5.^ 

XI 1 3^- * XI 2 #^-g- ^al^H t 1 ^* s}^ IS cfol^c o} 

2] 

XI 1 ^-ofl &<H>H, 

A o v 7] XI 2 t^f^ XI 2 ^ *}°H XI 2 ^w]f-g- s. 

3] 

XI 2 %H1 5a°H. 

^7) XI 2 7}$r ^T^ofl JLJl^l d ^U]£]^l #7] SLS.^- 

£ ^"71 XI 1 ^^-4 A o V 7l ^ 1 tH^^o] ^7l^ ^S^JI ^7) XI 2 ^7] 

^71^ o.S ^£151^- S}^ 5L£ cfo]^= o| ^ 
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4 J 

*n i %hi &<>h, 

5] 

^71 1 ^3^, 2 ^71 ^> ^ ^71 2fl 2 

InP *K£*fiS ^ 5} jn , ^-71 2 S.&*£ # InGaAs ^^lflS — 

6] 

*ll 1 *M 

A oM *fl 1 £.#3 InP «h£*fl^4 InAlAs ^S^l^o] ajf^-g- £^o S *j.±=. 

[3^8" 7] 

1 %H1 Sl^H, 

^ ^1 3 >4012 /cm2 ±20% °ltfMjl, j$ 7 ) oj^oi^oj ^^s]^ 7K V *>3 # 

*>^i^ 2 >1012 /cm2 ±20% °1 ^-8: ^-^^.S IS cfol^^o^ ^ 
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8] 

A 1 *<H1 

#7l ;M*> InAlAs InAlGaAs B}£^lfA^ ^ 

9] 

*H 1 %H1 5^*1, 

^ £M cfo]^c 

10] 

^ 1 ^Hl 9l«\*\, 

s& 7 ) 7 }%-g. ^ i t=;£<§ InP rc^ til InP «K£*flf^ S JS-^j o_ s 

11] 

A oM 7l^ofl *fl 1 tH^, ^^7> ^2:^1 ^S.^, *fl 2 J£*I^ ^71^- 

^7] iLS^-g- ^T^JI ^71 ^7H> S^f^H 2 5L#«g ^t^r#, ^1 2 £ 
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^■71 all 1 H^f^ S^°l ^#£l51^ #7) ^<y#,g- ol^og^ 

^ ^71 41 2 ^.^ 41 2 ^71^- 41 2 

t, ^1 2 ^71^- ^^7> ^BJj^ 4l7i*H 41 A> ^21 ^ 

^*Rr #41; 

^*Hr #41; hs]ji 

^^.S ^SlSi^- Til l 2 ^*Hr #31-1- 5E^-*H °l^^^r 

^ I£ 4 0 I^H5] 41^ 
12] 

41 11 %H1 SlM^l, 

#71 ol^og*^. «g ^ ^ ^Tllfe, #7l ^7]^}- afl^#(Be; Beryllium) 5E 

^ n>ZLi-1)#(Mg; Magnesium)^ o}£- ^<y*Hr #31:4, 

#71 71^-i; I^^^H ^ol^ Ol-gr* %^SH?lfe #^11- i^-g- ^ Spfe i 

S. 4°1 -2-^21 413: ^ . 

13] 

41 12 %H1 &M*1, 

^-71 <i^5l^ 600~700°C5. f-* ^'ii i£ cJ-ol-S-ti^ ifj-ig. 
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14] 

*fl li *M 9X°]*\, 

#ol7l 71 ^ ^*Rr ^4 ^Ej^l^ S. 

^IS. cfo] o] hJ-^ 

15] 

*ll 11 *M $1^^, 
16] 

*fl ii &<>H, 

#7l 1 2 #7]# ^ >S-7l *j| 2 JE*1^ B^f^ 

InP «K£*fl5. ^7) 4 2 JE*}^ % ^% % <#7] 2 -2-^#f-g: 

InGaAs «VJE.^^o.S ^-^15. ^ II *f|2: . 

[^T 1 * 17] 

*fl 11 %H1 Sl^l, 

^T-71 1 JE^ig t^f^r InP inAlAs «KE*l)f^ z^^Jl 

18] 

li sa«H^, 
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#7l all 2 °l£^°j#^ aj^^s}- #7] ^ 2 #71 # ^V^S. 

^-©1 3 >4012 /cm2 +20% ©lvfloUi, # 7 ] o}^o^ 0 ] ^ 7>#*}ii| *l 

€^3Efe 2 >4012 /cm2 ±20% 7> 5)5.^- *g^# f>}^ cM^^o) ^ 

19] 

all 11 *<H1 

#7l =?-^2] InAlAs ^-Eafl^ InAlGaAs a}H^llf AS ^^5[7]l|, 

#7] ^ JE«i^H «§^3"i- *>tt « 0 >^. 

20] 

#7l 7l^ofl *q i B^f 1 , ^3*> A) 2 3£^^ #7l# 

^1 2 #*«^, all 2 JE#^ #71 # t^s^ ^ all 2 S.#^| *H1 

3. ^#*Rr #741; 

#7l #7l# S^gf^H ol^r ^ 2 51#^ o]^ ^©J^ 

#71 *fl 1 H^f^ S^o] tf^is ^-7) oj-g. ^oj^ ^# _o S ol^oj 

# ^ #71 *Q 2 5L#*§ ^ »1 2 5L#^ #7l# H^f 1 . *fl 2 5L#^ ^ 

^1 2 51#^ #7l# 3,%%-, all 71 ^} ^2:1- 

^*Rr ^711; 

#71 ^ #71 all 1 £#*§ a^f^l €-^*^r 7l# ai^ofl iLl^|. 

^#*Hr #31; HBlJl 
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^.-g- f-*fl ^>7l 1 t^f^- ^ ^ 2 ^ ^^ofl ^ 

IS cfo] o] ^ wj-^ . 

21] 
*fl 20 %H 

^"71 7}&$\ afl^ofl =Lti>A>c|^ tg^*].±==. ^-^11- c] I^-§- ^JLS ^ IE cfo] 
22] 

20 %H) 5^1, 

■%7] 1 *H^#, 4 2 JE*1^ ^71^" 2^ ^ ^"71 2 JE*I^ tH3)#£r 

InP «Vi^l^ ^^*>JL, ^"71 afl 2 % 31 ^-7) 2 51 ^ 

InGaAs -^^S IE 4o|iE2] « 0 V ^ . 

23] 

20 1H1 5a°H, 

^•71 X) 1 t^^#^ InP «>3E^1^5i}- inAlAs tiV£*fl^# ^#*>JI *1|a> ^-2: ^ 

[3 ^ 24] 

20 %H} $a<>H, 

^-71 2 51*1^ °l£r^#^ ^PUJES]- ^-71 2 ^71^- 
^ ^-ol 3 ^12 /cm2 ±20% ^l^fl^Jl, ^7) cl^oi^o] ^3*1 7>^-7>^ ^ 
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^VU-E^ 2 >4012 /cm2 ±20% 7> ^thi- ^ *Vfe IS ufol^c o) ^ 

[^T 1 * 25] 

*fl 20 *<H1 

A eM 3i^^> #^-#^r InAlAs InAlGaAs «hE*fl^o.S ^^^M-, 

A oM ^ #-|- JE*}*}^ aJf^H ^^^-a- ££ tf^JEL^ «o v ^ . 
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Optical signal 

[51 2] 

Optical signal 




Regrowth-interface (marked using oblique lines) 
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ft 
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1.0 1.5 2.0 

Depth (fxm) 



3.0 




[£ 5a] 



Optical signal 



114 



.105 

104 
103 
102 



101 
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[5- 5b] 
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# 
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15- 5f] 



115b 
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[5= 6b] 



[£ 6c] 



106 
J— 



117 




I 16 
-109 
108 




109 
108 

107 



6d] 



[3E. 6e] 



1 1 5b 




112 



111 



110 
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